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inclusive cross section

Inclusive Electron Scattering
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Inclusive Scattering

d’o do o4
E = p
40, dE,, (dQe/ )M[ ql* (gl
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Currents
Propagation for final states
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requires momentum distributions and spectral functions




What Is needed!?

Hamiltonian: two-nucleon (+ 3 nucleon ) interactions

T

@ErenitsT |+ 2-nucleon currents + ...

TT

-==1 virtual pions, deltas, ...
f( .

yields ground state, current, FSI, ...

Same model for beta-decay, astrophysical neutrinos,
double-beta decay, accelerator neutrinos



Simple view of Nuclel: inclusive scattering

Charge distributions of different Nuclei:
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based on work of Hofstadter; et al.: Nobel Prize 1961

1

2

3 4 5
Radius [fm]

6

7

8 9

10

Scaling (2nd kind) different nuclei
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Inclusive scattering measures properties at

SilEtiinees — 11/ g = | tm
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Nifleleen-NUcleon Interactions

Deuteron Potential Models with
Different Spin Orientations
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Ground States

a Non-relativistic nucleons only model

m AV|8 + 3-nucleon interactions

& |ncludes pion exchange and fits phase shifts
to fairly high energies (elastic threshhold)

m Also fits low energy properties of nucle
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Momentum Distributions and Spectral Functions
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Spectral Function in NM
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JLAB, BNL back-to-back pairs in | 2C
np pairs dominate over nn and pp
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IF(q)l

2C elastic form factor
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(e, €’) Inclusive Response: Scaling Analysis

Donnelly and Sick (1999)
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Single nucleon couplings factored out
Momenta of order inverse internucleon spacing:
Large enhancement of transverse over longitudinal response
Requires beyond single nucleon physics;
spectral function alone will not work



Longitudinal/Transverse separation in '*C
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Microscopic (non-relativistic nucleons) approach:

* |nteractions fit to NN scattering data

e "Realistic models of two-nucleon currents

e (alculate response with full inclusion of final-state
iInteractions and two-nucleon currents

Disadvantages: (can be improved)
non-relativistic nucleons

no pion production or A production

Advantages:
same treatment for inrtial and final states
include full realistic interactions fit to NN data
with simultaneous two-nucleon currents



What we can compute reliably
(given the model)

Rrr (qw) =) 8w + Eo +Ef) | {f1O0710)
i
Fasy to calculate Sum Rules: ground-state observable

Sa) = / dw R(g,w) = (00'(g) O(q)[0)

Imaginary Time (Euclidean Response)
statistical mechanics

R(q,7) = (0] j' exp[-(H - Eo — g*/(2m))7] j |0) >




Sum rules in [2C
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L ovato, et. al PRL 2014

Single Nucleon currents (open symbols) versus
Full currents (filled symbols)
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Fuclidean Response
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A=4 EM

Fuclidean
q = 500 MeV
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Longrtudinal
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Ep(r)

G lclidean Responser =N
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2C Euclidean Response: Neutral Current
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Larger Nuclel: Argon
Two (complimentary) approaches:

Quantum Monte Carlo for Larger Nuclel (AFDMC, sample spins and isospins)

Ground states, momentum distributions,
sum rules, Euclidean Response

Factorization Approaches at two-nucleon level

keep two-nucleon dynamics exactly (interactions, current)

global constraints from QMC approaches (sum rules, Euclidean)
improvable: relativistic kinematics, Deltas, ...

Thanks to:

ANL devoting ~100M core-hours to this project plus staff/postdoc time
NULEI SciDAC-3 project (computingnuclei.org)

INCITE award to NUCLEI project amount largest in country

- neutrino scattering is an important goal

LANL support through LDRD-DR and LDRD-ER Projects
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Ntieleen Form Factors
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Cold Atoms (Fermions at Unitarity)

Spin Response : Spectral Function Approach Spin Versus DenSity response (EXperiment)
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